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ACIDULATION OF HOME CANNED TOMATOES

G. M. SAPERS, J. G. PHILLIPS, F. B. TALLEY, O. PANASIUK and
J. CARRE

ABSTRACT

The feasibility of acidifying home canned tomatoes was determined.
Citric acid, lemon juice, or vinegar were added at three concentrations
to tomatoes which were canned by the raw pack method. The pH of
low acid products was lowered effectively by acidulation with lg citric
acid monohydrate or 1 tbsp lemon juice per pint. Vinegar was less
effective than.the other acidulants and also contributed an off-flavor at
all levels. Acidulants equilibrated more rapidly when added to filled jars
rather than to empty jars before filling. Alternative acidulation recom-
mendations were compared by use of data derived from canning studies
and from measurements of the response of high pH raw tomatoes to
acidulation.

INTRODUCTION

THE POSSIBILITY that tomatoes having pH values high
enough to permit the growth of Clostridium botulinum might
be used by home canners has prompted canning specialists to
consider the need for acidulation. Recently published data in-
dicate that the occurrence of tomatoes having pH values of 4.8
or above is very rare (Sapers et al., 1977, Powers, 1976).
Nevertheless recommendations for the addition of acidulants
to home canned tomatoes have been issued from a number of
sources including state extension specialists (Gould and Gray,
1974), popular magazines (Carper, 1976), home canning cook-
books (Better Homes and Gardens, 1973), and manufacturers
of home canning equipment (Anon., 1975a). These recommen-
dations are in some cases inconsistent. For example; the addi-
tion of 1/2 tsp lemon juice or 1/4 tsp citric acid per pint
container were suggested -as alternative (equivalent) means of
acidulation although they differed in citric acid content by a
factor of 10 (Gould and Gray, 1974). We have found other
recommendations which call for the addition of 1/tsp of lemon
juice or vinegar per pint (York, 1976) to be of questionable
effectiveness, lowering product pH by less than 0.1 pH unit
(Sapers et al., 1977). Misleading information of this type has
been widely disseminated by the media.

Acidulants may be added to commercially canned tomatoes
to reduce the risk of microbiological spoilage in accordance
with 21 CFR Part 53.40 (Code of Federal Regulations, 1973).
This practice is described in detail by Powers in his recent
review (Powers, 1976). The Food and Drug Administration has
recently proposed a change in the Good Manufacturing Prac-
tice for thermally processed low acid foods (Gardner, 1976)
which would classify tomatoes having a pH above 4.6 as a low
acid food unless they were acidified to pH 4.6 or below. The
current upper limit for tomatoes, pH 4.7, does not provide an
adequate safety factor with respect to the ability of C. botu-
linum to grow and produce toxin (Gardner, 1976).

Studies conducted by the USDA at the Eastern Regional
Research Center (ERRC) have focused on the occurrence of
low acid tomatoes (Sapers et al., 1977, 1978b) and on their
response to canning (Sapers et al., 1978a). At this time we
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report the results of ‘acidulation experiments conducted with
low acid tomatoes to evaluate the effectiveness of three acidu-
lants and their compatibility with home canning practices.

EXPERIMENTAL

Materials

Samples of 19 cultivars, representing both low and high acid toma-
toes, were obtained from Beltsville, MD, Doylestown, PA, Mississippi
State, MS, Sodus, MI, and Santa Paula, CA. Tomatoes were transported,
ripened, and prepared for analysis and canning as described previously
(Sapers et al., 1977; 1978a, b).

Canning and acidulation

Canning experiments were carried out with both ripe and overripe
tomato samples which varied widely in acidity. The tomatoes were
canned in pint jars by a modification of the USDA raw pack procedure
(USDA, 1975) as described previously. Replicate filled jars were acidi-
fied after being filled and before being sealed and thermal processed by
the addition of acidulants at three concentrations (in duplicate)
together with 3g NaCl. Each canning experiment consisted of the six
acidified jars, a control (containing 3g NaCl), and a raw composite for
analysis. Acidulants included citric acid monohydrate (0.45, 0.72 and
1.00g per 450g product), bottled lemon juice (equivalent to 10, 15 and
20'ml of 5% citric acid solution per 450g product), and distilled white
vinegar (equivalent to 10, 20 and 30 ml of 5% acetic acid solution per
450g product). Exact levels of addition of lemon juice and vinegar were
calculated from the acidity of each individual bottle, determined by
titration with 0.1N NaOH. The quantity of tomatoes in the jars con-
taining lemon juice and vinegar was reduced by a weight equal to the
volume of added acidulant so that the net weight and fill of container
would be approximately constant. In addition to these acidulants, com-
mercial acidulant tablets developed for home canners (Morton Salt Co.,
Chicago, IL) also were evaluated. The tablets, which contain 0.454g
citric-acid (anhydrous) and 2.0g NaCl, were added to the filled jars using
one tablet per pint; accompanying controls also contained 2.0g NaCl.
All jars were processed in a boiling water bath (100°C) for 35 min.

Canned products were allowed to equilibrate for 1 month at room
temperature prior to analysis and sensory evaluation.

Equilibration experiments -

Tomatoes were acidified and canned by the standard procedure
described above (top addition) and also by adding acidulants and salt to
empty jars and then filling with tomato pieces (bottom addition). After
being thermally processed, the jars were equilibrated at room tempera-
ture for 1, 3 and 6 days. They were opened, and the contents were
carefully removed with a small ladle as three 140g portions representing
the top, middle, and bottom thirds of the product. Each portion was
blended and analyzed separately.

Analyses

Immediately after each set of canning jars was filled, the accom-
panying raw composite was blended and analyzed for pH, titratable
acidity, and response to acidification with 5% citric acid solution, as
described previously (Sapers et al., 1977, 1978b). After equilibration,
the appearance of canned products was noted, and the samples were
blended and analyzed for pH and titratable acidity (Sapers et al.,
1978a).

Sensory evaluation

A panel consisting of 16—18 members, screened for ability to
recognize different acidulants and levels of acidity, evaluated. the
canned tomatoes. The tomatoes were blended at high speed for 2 min
and served to panelists at room temperature in 2-oz portions. Each
panelist was provided with a complete set of coded samples including a
control and the acidified products. Panelists were asked to rate the
samples using a standard 9-point hedonic scale (1 = dislike extremely, 5
= neither like nor dislike, and 9 = like extremely). No high pH canned



products (composite pH > 4.5) were given to the panel to avoid any
possible risk of botulism. The significance of differences in flavor scores
between samples was determined by analysis of variance and Duncan’s
multiple range test.

RESULTS & DISCUSSION

Effectiveness of acidulants

The response of canned tomatoes to acidulation with citric
acid monohydrate was determined with samples representing
both high.and low pH cultivars (Table 1). The lowest level of
addition, 0.45 g/pint, (approx 1/8 tsp/pint) reduced the pH of
the canned high pH tomatoes by about 0.2 unit. The highest
level, 1g per pint (approx 174 tsp/pint), reduced the pH by
0.3—0.4 units. Similar results were reported by Leonard et al.
(1960), Lamb et al. (1962), and Pray-and Powers (1966). pH
reductions at all levels of acidulation were smaller in low pH
canned tomatoes than in the higher pH samples.

Table 1—Acidulation of canned tomatoes with citric acid monohy-
drate

pH

Level of addition (g/pint)

Cultivar Souyrce  Ripeness2 0 0.45 0.72 1.00
Ace Mi R . 459 4.42 4.36 4.27
Ace55VF PA OR 4.68 4.44 4.36 421
Cal Ace Ml R 4.60 4,40 4.36 4.28
Garden State - MD R 4.70 4.52 4.40 4.30
MD122 MD R 4.64 4.36 4.29 4.18
Nova MD OR 4.59 4.34 4.28 4.20
Valiant PA OR - 458 4.38 428 4.22
Big Girl PA R 4.34 4.18 4.10 4.04
Jet Star PA OR 4.26 4.12 4.04 3.96
Jubilee PA R 4.16 4.10 4.06 3.96

VF10 CA R 423 4.08 4.00 3.95

a R =ripe, OR = overripe

- Table 2—pH reduction in tomatoes canned with citric acid mono-
hydrate, lemon juice and vinegar

pH reductionak

Citric acid Lemon juice Vinegar
(g/pint) (mi/pint) (ml/pint)
Cultivar 0.45 1.00 10 20 10 20

Ace55VF 020 046 0.20 0.37 0.17 0.30
Big Girl 0.16 0.30 0.17 0.32 0.09 0.17
Fireball 0.16 0.33 0.21 0.38 0.13 0.24
Jet Star 0.18 0.38 0.20 0.37 0.17 0.24
San Marzano 0.16 0.28 0.18 0.35 0.21 0.27
Valiant 0.20 0.36 0.19 0.37 0.16 0.25

a Acidulants at approx equal concentrations (g acid/pint)

Table 3—Comparison of acidulants for home canned tomatoes

Effectivenessa

No. Meq Wt
Acidulant sets basis basis
Citric acid monohydrate 52 1.02 1.02
Lemon juice 12 1.01 1.01
Vinegar 26 0.55 0.64
Acidulant tablet? 3 1.10 1.10

2 pH reduction with acidulant/pH reduction in composite titrated
with 5% citric acid monohydrate solution
b Contains 0.454g citric acid (anhydrous)

We have compared citric acid (powder and tablets), lemon
juice, and vinegar, the principal acidulants proposed for home
canned tomatoes, at different levels of addition in both high
and low acid canned tomatoes to determine their relative
effectiveness (Table 2). Vinegar is a weaker acidulant on a
molar basis than citric acid or lemon juice, which are similar.
Citric acid is the major organic acid in lemon juice (Clements,
1964). We have found bottled lemon juice to be relatively
constant in acidity: 5 samples representing 3 manufacturers
contained between 5.2 and 5.6% titratable acidity, calculated
as citric acid. In previous studies (Sapers et al., 1977), we
reported a linear relationship between pH and added acid for
acidified raw tomatoes. The same relationship applies to
canned tomatoes; initial pH values and slopes for regression
equations  describing acidification with citric acid were the
same (no significant differences at 0.05 level) for cans and
corresponding raw composites which were titrated with 5%
citric acid solution. We calculated acidification curve slopes for
all sets of acidulation data and compared each acidulant to
citric acid monohydrate by determining the ratio of slopes for
cans and composites (Table 3). This method of comparison
avoids the problem of batchwise differences in raw material
pH and jar-to-jar variation which complicate the direct com-
parison of acidulants (Table 2). Citric acid and lemon juice are
identical in effectiveness, both having slope ratios close to

‘unity, and vinegar is about 2/3 as effective as citric acid, on an

acid weight basis (Table 3). Citric and acetic acids have similar
equivalent weights; however, citric acid is the stronger acid, its
pk; value being 3.14 in contrast to 4.76, the pk for acetic acid
(at 20°C). The acidulant tablets appear to be slightly more
potent than would be predicted from their specified citric acid
content; this discrepancy was subsequently confirmed by
analysis of the tablets for titratable acidity.

Equilibration of acidulants

Canned tomatoes acidified with citric acid monohydrate or
acidulant tablets, added to the top of the filled jars, equili-
brated very quickly, probably as a result of convection during
processing (Table.4). The top and bottom portions of the
contents of each jar differed in pH by less than 0.1 unit within
1-3 days. However, products which were acidulated by the
addition of acid to the bottom of the canning jars before
filling, equilibrated much more slowly. Even after 6 days, the
top portions of the acidified jars were about 0.3 pH unit
higher than the bottom portions. The low pH and appearance
of the bottom portions suggest that the acidulants dissolved
but did not diffuse from the bottom serum layer through the

Table 4—Equilibration of canned acidified Ace55VF tomatoes

i oH
Method of
Acidulant addition Day Top Bottom ~ Difference
Citric acid Top 1 3.95 406 @ -0.11
monohydrate@ 3 4.03 4.12 -0.09
6 4.06 4.08 -0.02
Bottom 1 4.06 3.84 0.22
3 4.11 3.80 0.32
6 4.14 3.82 0.32
Tabletb Top 1 4.18 4.26 -0.08
3 418  4.24 -0.06
6 422 4.14 0.08
Bottom 1 4.32 4.00 0.32
3 4.29 3.95 0.34
6 4.28 3.94 0.34
Control¢ Top 6 4.38 4.39 —0.01
Bottom 6 4.40 4.32 0.08
a:1g per pint

b1 tablet = 0.454g citric acid per pint
¢ 3g salt per pint



dense mass of tomato pieces above. Some acidulation
recommendations (Anon., 1975b; Anon., 1976) have specified
that acidulants should be added to the jar before the tomatoes
in order to achieve an even distribution of acidity. Our results,
‘with the raw pack method of canning, lead us to the opposite
conclusion: acidulants should be added after the jars are filled.
Effect of acidulation on acceptability

Sensory evaluation of canned low pH tomatoes to which
acidulants had been added indicated that product flavor was
not affected adversely by acidulation with citric acid mono-
hydrate or lemon juice, even at the highest levels of addition
(Table 5). On the other hand, vinegar was objectionable in
some samples at the lowest level and in all samples at higher
levels. We obtained similar results with higher pH canned
tomatoes prepared from other cultivars including Ace, Ace
55VF, Big Boy, Fireball, Jet Star, Jubilee, San Marzano and
Valiant. A number of studies have demonstrated that acidula-
tion with citric acid, at levels comparable to those in our
study, did not adversely affect tomato flavor (Powers, 1976).
However, off-flavors due to vinegar have been reported by
Klippstein (1976) and by Powers (1976). Since vinegar is a
weaker acid than citric acid, it would have to be used at higher
levels in canned tomatoes to achieve the desired pH reduction.
At effective levels, vinegar would probably yield a product
with an unacceptable flavor.

Acidulation requirements for high pH tomatoes

Published recommendations for the acidulation of canned
tomatoes generally have been based on the results of studies
with tomatoes which were not excessively high in pH,i.e., pH
4.3-4.6 (Lopez and Schoenemann, 1971; Pray and Powers,
1966; Leonard et al., 1959; Lamb et al., 1962; Kattan et al.,
1956). Only Gould (see Powers, 1976) reported data on the
acidulation of higher pH tomatoes:(pH 4.5—4.77).

In parallel with the canning studies which yielded data on
the acidulation of samples as high in pH as 4.74, we also
obtained data on the acidulation of individual raw tomatoes
from similar samples having even higher pH values, some as
high as 5.1. Linear regression equations describing the titration
of 54 such tomatoes with 5% citric acid solution were ob-
tained. Since we previously established that acidulation curves
for canned and raw tomatoes were identical, we have used
regression coefficients derived from these equations to esti-
mate acidulation requirements if the high pH tomatoes were to
be canned. The acidulation requirement, defined as the
quantity of acidulant required to lower the tomato pH from
its original value to a target pH, can be calculated by dividing
the difference between these pH values by the slope of the
acidulation curve.

Acidulation requirements for the high pH tomatoes are
summarized in Table 6. Three target pH values were used: 4.6,
representing the upper pH limit for canned tomatoes proposed
by the Food and Drug Administration to minimize the risk of
growth and toxin production by C. botulinum (Gardner,
1976); 4.3 and 4.4, the latter pH values bracketing the lower
limit for the germination of spores of Bacillus coagulans, an
organism responsible for flat sour spoilage in canned tomato
products (Rice and Pederson, 1954).

Acidulation requirements for high pH tomatoes vary
widely within and between cultivars. A conservative estimate
of the acidulation requirement for all high pH tomatoes should
be based, not on the mean, but rather, on a level of acidulation
which reduces a given percentage of the high pH tomato popu-
lation below the target pH. That percentage can be determined
from the proposed level of acidulation, the mean acidulation
requirement for all cultivars (see Table 6), and the standard
deviation for the acidulation requirement, assuming that the
acidulation requirement for the high pH tomatoes is normally
distributed. We compared a number of recent acidulation
recommendations on that basis (Table 7).

Table 5—Sensory evaluation of high acid tomatoes canned with
acidulants

Flavor score2

- Composite Low High

Cultivar Acidulant - pH Control ~ level®  levelc
Big Girl Citric acid 4.30 5.50 6.00 5.61
Lemon juice 4.31 6.58 6.35 6.17

Vinegar 4.31 6.58 4824  3.17¢

Heinz 1350 Citric acid 4.36 6.11 5.94 5.00¢€

Vinegar 4.28 6.12 4.25¢€ 3.43¢

Manalucie Citric acid 4.41 6.52 6.41 5.74d
Lemon juice 4.26 5.87 6.12 5.62

Vinegar 4.30 6.26 5.36 3.31¢

2 Nine-point hedonic scale

b 0.45g citric acid monohydrate, 10 ml lemon juice or 10 ml vinegar
per pint

¢ 1.00g citric acid monohydrate, 20 ml lemon juice or 20 ml vinegar
per pint

d Significantly different at 0.05 level -

e Significantly differetn at 0.01 level

Table 6—Acidulation requirements for high pH tomatoes

Mean acidulation requirement?
No. tomatoes

Cultivar pH>475 pH<46 pH<4.4 pH <4.3
Ace 5 0.32 0.67 0.95
Aceb5VF 8 0.44 0.87 1.08
Cal Ace 10 0.36 0.61 0.74
Fireball - 6 044 0.74 0.90
Garden State 20 0.48 0.84 1.02
Others 5 0.45 0.77 093
All cultivars 54 0.43 0.77 0.95

Std Dev 0.12 0.15 0.19

a g citric acid monohydrate per pint tomatoes

Table 7—Effectiveness of different levels of acidulation with high
pH tomatoes

Percent of high pHd
tomatoes reduced to

Level per
Acidulant pint <pH46 <pH44 <pH43

Citric acid monohydrate 1/4 tsp 999 95 60
1/8 tsp 75 5 1
Citric acid tablet2 1 60 2 0
Lemon juiceP 1 tbsp 99 45 15
2 tsp 75 5 1
1 tsp 10 0 0
Vinegar¢ 1 tbsp 75 5 1
2 tsp 20 0 0
1 tsp 1 0 0

a Containing 0.454g anhydrous citric acid

b Containing 5% anhydrous citric acid

¢ Containing 5% acetic acid equivalent to citric acid X 0.64

d Assuming acidulation requirements for individual high pH toma-
toes (Table 6) to be normally distributed.

Only the highest recommended levels of citric acid and
lemon juice would reduce essentially all of the high pH
tomatoes represented by our data (Table 6) to pH 4.6 or
below. Substantial protection against microbiological spoilage
would also be achieved, especially with the citric acid recom-
mendation. The lower level of lemon juice and the two lowest
levels of vinegar would be virtually worthless in reducing high



pH tomatoes to or below either target pH (pH 4.6 or pH
4.3—4.4). Other levels of acidulation compared on Table 7
would lower the pH of most high pH tomatoes to 4.6 but not
to pH 4.3—4.4. Consequently, if one wished to assure the
absence of canned tomatoes exceeding pH 4.6 and also provide
protection against spoilage, an acidulation level of 1/4 tsp
citric acid monohydrate or one tbsp bottled lemon juice (con-
taining 5% citric acid) per pint would be required. Higher
levels of acidulation would reduce the probability of spoilage
but would entail the use of inconvenient units of measure, i.e.,
4 tsp, and might have an adverse effect on product flavor.
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